There are many challenges to achieving local-level climate resilience, including limited access to detailed climate projections, limited inclusion of traditional ecological knowledge, and difficulty in establishing effective climate change impact dialogue across sectors and the community at large. In 2013, the Jamestown S'Klallam Tribe initiated a project to identify and begin addressing the risk the community faces from climate change. Using a combination of structured sector-specific meetings and a two-day workshop, the project used a collaborative approach to identify vulnerabilities, select and prioritize key areas of concern, and develop adaptation strategies to reduce vulnerability and increase resilience. This approach allowed community members to focus their limited time and resources on the areas and assets that are most important to them. The approach also increased understanding of how climate change will impact the community and the strategies available to reduce 10
Introduction
The Jamestown S'Klallam Tribe lives in and remains connected to the resource-rich ecosystems of the Northern Olympic Peninsula in Washington State (Figure 1 ).
Tribal citizens have inhabited the region for more than 10,000 years (Allen 2014; Waters et al. 2011 ) and have successfully navigated a variety of climate and social-ecological changes during that time. Now, as in many communities in the United States and the world, ongoing climate change introduces unique challenges that require explicit consideration and planning (Bierbaum et al. 2013; Cordalis and Suagee 2008 ; International Institute for Indigenous Resource Management 2010; Intertribal Climate Change Working Group 2009). As Ron Allen, Jamestown S'Klallam Tribal Chairman, noted: "In my opinion, to ensure continued economic growth, promote long-term community vitality and protect sensitive resources and assets, it is essential that we incorporate climate change into our planning efforts and operations" (Allen 2014) . Challenges unique to local-level climate change response include limited access to high-resolution climate change projections, limited inclusion of traditional ecological knowledge in climate impact analysis and vulnerability assessments, limited access to funding required to implement many needed adaptation actions, and difficulty in establishing effective dialogue on the impacts of climate change across sectors and the community at large (Bierbaum et al. 2013; Carmin, Nadkarni, and Rhie 2012; Ford et al. 2010; Measham et al. 2011; Moser and Ekstrom 2010; Muntaner et al. 2012; National Research Council 2010a) . However, American Indian and Alaska Native tribal communities who have innovated and adapted to historical and ongoing environmental change have expertise (often termed traditional ecological knowledge) and offer a wealth of methods to overcome these challenges. A collaborative approach that synthesizes scientific understanding of climate change with locally understood impact pathways is increasingly proving to be an effective local adaptation planning process (Lamb and Davis 2011; Mariella et al. 2009; National Research Council 2010a; Brubaker et al. 2011) .
In 2013, the Jamestown S'Klallam Tribe began a project to identify and address the risks the community faces from climate change. In collaboration with Adaptation International and Washington Sea Grant, the team completed a comprehensive assessment of community vulnerability to climate change and developed and prioritized adaptation actions. This approach successfully diverged from the common climate assessment approach, where available scientific climate modeling drives the selection of vulnerability variables (Eakin and Luers 2006; Füssel 2007; Moss, Brenkert, and Malone 2001; Ribot 2011) . Instead, it relied on local collaboration to identify vulnerability, select and prioritize key areas of concern, and develop adaptation strategies to reduce climate-related vulnerabilities and increase community resilience. Vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse affects of climate change, including climate variability and extremes (Bierbaum et al. 2014) . Resilience is the capability to anticipate, prepare for, respond to, and recover from climate impacts with minimum damage (Bierbaum et al. 2014) . The approach and the lessons learned from the project could be adapted and applied to a variety of other communities. This paper highlights some of the key insights and lessons learned in applying this approach, focusing on how to use a collaborative process to ensure that science is useful and usable by communities and local decision makers.
Project Description

Approaching Climate Impacts
Almost all communities face constraints on time and resources when attempting to prepare for the impacts of climate change and respond to other sustainability issues (Bierbaum et al. 2013; Carmin, Nadkarni, and Rhie 2012; Ford et al. 2010; Measham et al. 2011) . The project team used a collaborative approach that leveraged available science and traditional ecological knowledge to more efficiently identify impacts, assess vulnerabilities, and prioritize actions. Current and anticipated climate change impacts affecting the Northern Olympic Peninsula in Washington State are part and parcel of global patterns of change, including increasing temperatures, changing precipitation patterns, sea level rise and coastal flooding, ocean acidification, and habitat change (Intergovernmental Panel on Climate Change 2012 National Research Council 2010b; Dalton, Mote, and Snover 2013; Littell et al. 2009 ). Despite the global reach of such issues, local-level planning can lead to successful community response; indeed, such planning has allowed the Tribe to prosper on the Northern Olympic Peninsula for thousands of years.
This project began when the Jamestown S'Klallam Tribal government staff received direction from the Tribal Council to start planning for climate change. This tribe-based directive required an understanding of the Tribe's unique vulnerabilities and adaptive capacity amid the regional, national, and global changes in climate and extreme weather. The first step in climate change planning was to review that broad mix of information, examining it through the lens of what matters most to the Jamestown S'Klallam Tribe.
The project team started by creating a climate change working group. Members of the working group included the Tribal Vice Chair, Tribal Elders, Chief Operations Officer, Chief Financial Officer, Economic Development Authority Executive Director, Planning Director, Health Administrator, Facilities Manager, Natural Resource Director, and Natural Resource Managers. Once this team was formed, relevant scientific information on climate change exposure and impacts specific to the Northern Olympic Peninsula was shared with the working group through an initial set of meetings separated into four sector-focused categories: 1) infrastructure, 2) natural resources, 3) economics and finance, and 4) health and social services. These topically focused meetings facilitated detailed discussion of sector-specific impacts and directed the initial identification of key areas of concern. Highlights of the collected and synthesized scientific climate exposure information included the following (see Table 1 ). Changing precipitation patterns Early snowmelt and reduced snowpack is projected to lead to higher river flows earlier in the year and lower flows during the summer. This will impact river ecology by reducing flows during key migration times and affecting salmon spawning habitats, as well as adding stress to existing competing water demands on rivers.
Sea level rise and coastal flooding Project researchers combined global and regional sea level rise projections with local data on vertical land movement (from tectonic plate movement and isostatic rebound) to estimate the relative sea levels in the region over time. The sea level along the shoreline of interest is predicted to rise between 0.5 feet and 2 feet by the year 2050. Sea level rise brings increased risk of coastal flooding and erosion, which may damage homes and other infrastructure and disrupt coastal ecosystems.
Ocean acidification and increasing ocean temperatures
Ocean acidification poses a serious threat to the health of shellfish, which the Tribe relies upon for ceremonial, subsistence and commercial harvests, as well as other marine organisms such as phytoplankton, which form the base of many marine food webs. Increased acidity has already been observed in the Strait of Juan de Fuca, and the regional upwelling pattern promotes the acidification of surface-level ocean water. Higher ocean temperatures will also favor heat-tolerant shellfish species, increase thermal stress on a variety of marine species, increase the likelihood of harmful algal blooms, and decrease the reburrowing activity of shellfish.
Forest habitat changes
Wildfires have increased in frequency in the region since 1970. There is serious concern that drier temperatures will increase wildfire risk and shift forest ecosystems in the Jamestown S'Klallam homeland away from a Western Hemlock forest type towards a Douglas Fir forest type. Western red cedar is a critically important cultural resource that relies on a Western Hemlock forest type to thrive. 
Collaboration and Co-production of Knowledge
The structured sector-specific meetings elicited valuable insight, information, and guidance on identifying, analyzing, and prioritizing the community's key areas of concern related to climate change. They also gave structure to the next step, the two-day climate change workshop. Using a combination of large-group sessions and smaller breakout groups, Day One of the workshop focused on a detailed analysis of the Tribe's key areas of concern. From a theoretical perspective, this detailed analysis included assessment of climate exposure, sensitivity, and adaptive capacity. Climate exposure is the extent and magnitude of a climate and weather event on an area of concern. Sensitivity is the degree to which an area of concern is susceptible to a climate impact. Adaptive capacity is the ability of an area of concern to adjust to or respond to the changing conditions. However, members of the working group cared less about these technical definitions than in the impact of changing climate conditions on important aspects of their lives.
The second day of the workshop focused on verifying Day One decisions and results and creating a detailed prioritization of the Tribe's key climate-related vulnerabilities. Conversations at this workshop flowed in every direction: sometimes, climate change science inspired brainstorming; sometimes, traditional ecological knowledge provided context for issues of climate-influenced environmental change not captured by any of the best available science. For example, a Tribal Elder and cedar bark harvester had noticed that the optimal harvest time for cedar bark had already moved to earlier dates in the springtime. Easy bark removal is generally achieved when a long section of bark can be removed without permanently damaging the tree, and it depends upon a complex suite of variables including temperature, the amount of water available to the tree, and the tree's specific growth processes (Elaine Grinnell, personal communication, January 30, 2013) .
The open communication at the workshop illustrated how environmental knowledge is a composite of different types of expertise-from the local and tradi-tional to the global and scientific-and highlighted the need for any sustainable discussions of climate impacts and actions to synthesize a diverse range of perspectives.
Key Areas of Concern
During the workshop, the working group identified the following key areas of concern: Salmon, Clams and Oysters, Shellfish Biotoxins, Wildfire, Cedar Harvest, the Casino and Longhouse Market, Transportation-Highway 101, Tribal Campus Water Supplies, Jamestown Beach Water Supply, Natural Resources Lab and Planning Department Buildings, and Tribal Campus Wastewater Tanks (see Figure 1) . After the workshop, participants identified and explored two additional areas of concern focusing on the sea level rise impacts on Jamestown Beach and the shoreline area from the Rivers End to the Jamestown Beach. For each area of concern, workshop attendees participated in discussions of climate exposure, sensitivity, and adaptive capacity in order to determine the overall climate vulnerability (Figure 3 ).
During workshop breakout sessions, the project team presented a framework for assessing the vulnerability of each key area of concern using the criteria of sensitivity and adaptive capacity (as defined above). Using this framework, the working group assigned a sensitivity ranking (ranging from S0-system will not be affected to S4-system will be greatly affected) and an adaptive capacity ranking (ranging from AC0-system is not able to accommodate or adjust to the impact to AC4-system is able to accommodate or adjust to the impact in a beneficial way) to each key area of Figure 3 . Climate Vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes. Climate vulnerability depends on exposure, sensitivity, and adaptive capacity (adapted from IPCC 2012). Climate exposure is the extent and magnitude of a climate and weather event. Sensitivity is the degree to which the area of concern is susceptible to a climate impact. Adaptive capacity it the ability of the area of concern to adjust or respond to the changing conditions. concern. The working group then used those values to rank the relative vulnerability of those areas of concern. The most vulnerable areas have the highest sensitivity and the lowest adaptive capacity. The least vulnerable areas have the lowest sensitivity and the highest adaptive capacity. Figure 4 displays all key areas of concern in this vulnerability matrix.
Finally, these key areas of concern were prioritized for planning response according to seven criteria (Intergovernmental Panel on Climate Change 2007):
• Magnitude of Impacts-the scale and intensity of the climate impact;
• Timing of Impacts-when the impact is likely to occur;
• Persistence and Reversibility-how long lasting or irreversible the impacts are; Figure 4 . Relative climate vulnerability rankings for key areas of concern. The placement of each key area of concern on the chart depends on the identified sensitivity and adaptive capacity for that area of concern. All key areas of concern considered during the workshop are shown.
• Likelihood of Impacts-how likely is it for the impact to occur;
• Distributional Nature of Impacts-whether specific groups or the whole community would be impacted; • Importance of System at Risk-the cultural, economic, or social value of the system affected; and • Potential for Adaptation-the availability and feasibility of actions to prepare for or respond to the climate impacts.
The full working group split into two subgroups. For each key area of concern, the groups scored each criterion on a scale of 1 to 5 (with 1 being the smallest impact and 5 being the highest level of impact). The "Potential for Adaptation" criterion was scored on a reverse scale with a score of 1 corresponding to a high potential to adapt and 5 corresponding to a low potential to adapt. The scores were then added and averaged across the groups to create a final score. Prioritization of the key areas of concern resulted in the rankings shown in Table 2 . Interestingly, the prioritizations naturally fell into distinct groupings of concerns, which were labeled Very High Priority, High Priority, and Medium Priority. The identification of key areas of concern allowed the Tribe to move forward with a concept of climate change impact and adaptation that was relevant to its priorities and the intricacies of the local environment. This "customized" climate change perspective was a crucial step for organization-level adaptation planning.
Project Outputs
Following the conclusion of the workshop, the project team resumed work on a comprehensive climate change impact analysis for the community. All of this work was summarized in a report entitled Climate Vulnerability Assessment and Adaptation Plan that includes all of the scientific data and information discussed by the Tribal stakeholders. It also contains in-depth descriptions of key areas of concern, including why the resource is important to the Tribe, potential climate impacts to the resource, and actions to increase resilience of the resource in the face of climate change. The two key areas of concern summarized below illustrate the breadth of impacts covered by the report.
Key Areas of Concern
Summary 1: Clams and Oysters, Vulnerability = High, Priority = Very High Clams and oysters have been an integral part of tribal life for the Jamestown S'Klallam people throughout their history. Tribal citizens continue to participate in subsistence and commercial harvest of littleneck and manila clams, oysters, shrimp, crab, mussels, and geoducks (a very large local shellfish). Of these, geoducks and crab provide the largest annual harvest (Kelly Toy, personal communication, January 29, 2013). Harvesting of geoducks is economically important for the Tribe, generating revenue that supports Tribal Government operations and local employment. Although less economically valuable, intertidal shellfish, particularly clams and oysters, are culturally and nutritionally important for the Tribe. Traditional foods such as shellfish provide a nutrient-rich and culturally important component of the modern diet, and harvesting and processing activities are associated with a less sedentary lifestyle (Bennett et al. 2012) . Additionally, local fishing is considered a top contributor to physical activity among tribal citizens (Cindy Lowe, personal communication, January 14, 2013). Finally, there are few financial barriers to personal harvesting of clams and oysters, which makes them the most easily accessed and well-distributed subsistence resource among tribal citizens (Cindy Lowe, personal communication, February 25, 2013).
There are shellfish harvest beaches throughout the region, although some beaches are more consistently used for subsistence harvest. Such diets and lifestyles provide food packed with essential fatty acids, antioxidants, and protein and are associated with prevention and mitigation of chronic diseases such as diabetes, heart disease, and cancer (Egeland, Feyk, and Middaugh 1998) .
Clams and oysters face serious threats from changing climate conditions. The concerns come primarily from changing habitat conditions due to warming water temperatures and increasing ocean acidity. Rising temperatures will favor more heattolerant shellfish species, increase overall suffering from thermal stress, and decrease reburrowing activity (the means by which shellfish rebury themselves) (Freitas et al. 2007 ). As studied under laboratory conditions, shellfish generally exhibit negative responses to elevated carbon dioxide (CO 2 ) concentrations and reduced pH (higher acidity); in effect, they are forced to exert more energy to build their shells and prosper (Feeley et al. 2012; Fernández-Reiriz et al. 2011; Freitas et al. 2007 ). Higher air temperatures during low tide when the shellfish are exposed may cause additional stress to these species.
Commercial Pacific oyster larvae operations in Washington and Oregon have recently suffered from increases in corrosive seawater, particularly during major upwelling events where winds push surface water away from the shoreline and deep ocean water rises to the surface to take the place of the water that was pushed away. Upwelled water has naturally higher concentrations of CO 2 and lower pH, providing a glimpse into a future ocean under acidification conditions. Starting in the mid-2000s, commercial oyster hatchery operations in Washington and Oregon experienced "production failure" levels of larval death (Feeley et al. 2012) . Increasing acidification of the water negatively impacted both larval production and midstage growth of the oysters (Barton et al. 2012 ).
Efforts to help clams and oysters become more resilient to climate change focus primarily on reducing or eliminating existing stressors, thereby increasing overall adaptive capacity and resilience. The homes located along Jamestown Beach Road, including tribal residences, all receive their water from a local well. The Tribe is responsible for well operation and also owns a number of properties in the area. This is the single potable water source for the homes along the beach, as well as many homes inland.
Any inundation of the lands immediately above or surrounding the well may introduce contaminants into the water source. Coastal flooding may also compromise drinking water quality and should be followed by appropriate testing to ensure that water meets quality standards. These scenarios highlight the potential climate-and weather-related exposure of the well but do not take into account the potential for salt water intrusion into the well or damage to the well housing, which could occur during sea level rise even in the absence of extreme flooding.
The scenario of a medium-severity sea level rise illustrated in Figure 5 is not projected to occur for a number of decades (it could take place between 2055 and 2090). However, the map in Figure 5 does not incorporate dynamic shoreline processes like the potential for increased erosion or disruption of groundwater inputs to the well, nor does it include projections of changes in wave dynamics or storm orientations that could further exacerbate high water levels on Jamestown Beach. These processes, which are not included in the scenarios mapped for the Tribe (Miller et al. 2014) , may increase the extent and magnitude of coastal flooding and may damage the well sooner than the sea level rise maps project. The well was ranked medium vulnerability due to the medium-term nature of the climate exposure. It was also ranked as a medium priority: although a well or pump failure would have a significant impact on the tribal citizens who receive water from the well, those individuals represent a small subset of the full tribal community and would continue to have access to other water sources in the greater Sequim region.
The Indian Health Service installed the Jamestown Beach well in the 1960s; although it is still working, it should be replaced. The most cost-effective opportunity to decrease the vulnerability of the well to coastal flooding is to conduct any retrofitting or relocation at the time of its replacement.
Exploring Adaptation Opportunities
For each key area of concern, the project team and working group discussed relevant "best practice" adaptation methods taken from the literature, case studies, and personal experience; tailored these strategies to the local context; and brainstormed additional strategies when appropriate (see Tables 3 and 4) . Although the identified potential adaptation strategies were not fully prioritized during this project period, the tribe has already initiated internal planning discussions regarding some of these actions. The team also developed an evaluation process to prioritize adaptation strategies and actions according to five criteria: cost, ease of implementation, political/community support, timing of action, and partnerships required.
Tables 3 and 4 present two lists of potential adaptation strategies the Tribe is considering. The two tables correspond to the two key areas of concern summarized above, Clams and Oysters (Table 3 ) and the Jamestown Beach Water Supply (Table  4) .
Public Engagement
As in many scientific and sustainability issues, those working on climate change have frequently struggled to bridge the gap between professionals in the field and citizens working to address these issues in their daily lives (Berke and Lyles 2013; Hobson and Niemeyer 2011; Tompkins and Eakin 2012) . Collaboration with the tribal working groups led to the relevant and actionable Climate Vulnerability Assessment and Adaptation Plan for the Tribe itself, but this report is not an accessible document for the general public or for many tribal citizens due to its length, techni-cal language, and comprehensive breadth. For this reason, the project team revisited the key areas of concern and created straightforward and graphically rich two-page summaries for each. These summaries were designed primarily for tribal citizens and potential tribal partners who may not access the main report. The documents themselves are visually attractive and available individually, which allows citizens to easily explore the topics of particular interest to them. A sample summary sheet appears in Figure 6 . 
Potential limitations and Barriers
This community assessment approach is not without potential limitations and barriers. In order to facilitate ongoing improvement of this process, it is important to be explicit and transparent about these concerns. First, while the climate exposure information does represent the best available science available at the time of project implementation, it relies on a variety of assumptions and contains inherent uncertainty. For example, the coastal flood-risk maps are based on the current shoreline profile and do not include estimates of potential dynamic shoreline response or erosion based on higher sea levels and more frequent coastal flooding. The sea level rise scenarios also assumed linear and non-varying rates of vertical land movement and used historical storm patterns as a basis for future projections. Time will certainly prove some of these assumptions invalid, which will impact local-level planning for sea level rise (Miller et al. 2014) . Second, the project did use a scenario planning process to explore the uncertainty related to these estimates and global sea level rise, but it could improve upon the outstanding uncertainties in the future by incorporating more reliable data on storm surge return frequencies, vertical land movement, and shoreline response due to rising sea levels. Unfortunately, current projections related to future air temperature, precipitation amounts, ocean acidification, and other variables also suffer from many uncertainties in their actualization at the local level. This project aimed to initiate an ongoing climate change assessment and adaptation process at the local level, and participants realize that planning will be relevant only if it can successfully incorporate advances in climate science and projection as they become available. Finally, community engagement is always an incomplete process, and we can safely assume that this project did not capture all relevant traditional ecological knowledge throughout the community. The process captured only the knowledge of those participating in the working group. The tribal community is much larger than this group, and learning from other tribal citizens will be an ongoing process now that this project has started the community conversation on preparing for the impacts of climate change. This project was fortunate to have a set of highly motivated tribal representatives, but without such local leadership, a similar project in another location could be left with less than adequate participation in the crucial collaborative steps of scoping, vulnerability prioritization, and identifying opportunities to build resilience. At all steps of the project, it is important to remain open to sharing new knowledge and answering additional questions, whether that new information emerges from climate science or from traditional ecological knowledge.
Conclusion
The Usefulness of Key Areas of Concern
Communities and organizations facing climate change are time and resource constrained, yet they face a substantial number of environmental changes and impacts that are expected to continue for the foreseeable future (Carmin, Nadkarni, and Rhie 2012; Wiener 2007; Intergovernmental Panel on Climate Change 2013) . This can be a daunting task. As Ron Allen, the Jamestown S'Klallam Tribal Chairman, put it earlier this year, "The enormity of the issues feels overwhelming. Yet, the S'Klallam culture promotes self-sufficiency and leadership, so we must do what we can. Our greatest barrier to success is the failure to plan" (Allen 2014) .
Moving forward with a local approach to addressing climate change under these circumstances requires careful assessment of scientific data, conceptualization of Figure 6 . Key Area of Concern summary sheet for Jamestown Beach. This is an example of the graphically rich summaries designed primarily for education and outreach. meaningful impacts, and targeted prioritization and action. The methods involved in this project ensured that local collaboration guided climate change planning without departing from the most recent scientific modeling or best-practice adaptation scenarios. As climate change impacts and risks cross sectors and geography, community responses must also incorporate knowledge across sectors and organizations. The key area of concern approach acknowledges all of these realities and allows community members to focus their limited time and resources on the areas or assets that are most important to them. For the Jamestown S'Klallam Tribe, this focus generally increased understanding of how climate change will impact the community and the strategies available to reduce vulnerability and build resilience to those impacts. This approach could be used to enhance progress on other sustainability issues that present the same challenges of limited time and resources.
For the Tribal Government staff, the project report and especially the Key Areas of Concern summary sheets are useful communication tools. Presentations have been made to the Tribal Council and Department Directors to inform them of the results of the assessment and to see how addressing these concerns fits into shortterm planning priorities. The summary sheets have also proven extremely useful for audience members who have little technical knowledge about climate change. In fact, all Tribal Council members have one or two particular concerns that most interests them, and they have retained personal copies of those summary sheets for their own outreach.
Preparing for the impacts of climate change, like addressing other sustainability issues, is not an outcome but a process. By taking an approach that focuses on key areas of concern and combines the best available science with community and social values, the Jamestown S'Klallam Tribe has laid the foundation for that process. In some ways, climate change is just one more issue to consider when creating a more sustainable community, protecting and maintaining important resources and assets, ensuring continued economic growth, and promoting long-term community and cultural vitality.
Next Steps for the Tribe
The Jamestown S'Klallam Tribal Government and tribal citizens are well poised to successfully prepare for changing climate conditions on the Olympic Peninsula. The ongoing efforts of the Tribal Natural Resource Department, Health Department, and others have created a foundation for moving from climate planning to action. The Tribe has been responding and adapting to a changing climate for thousands of years. Thus, preparing for ongoing and accelerating change is not something new, but a continuation of the culturally driven, natural resource-oriented approach that has kept the Tribe a vibrant and growing community.
A portion of the climate change working group reconvened on April 22, 2013 to discuss the detailed findings of the project, review the actions to increase resilience, and discuss next steps. In collaboration with other stakeholders, the working group identified four next steps to help the Tribe move forward in preparing for climate change. They are 1) prioritizing adaptation strategies for implementation and identifying individuals or departments responsible for implementation; 2) building community support for climate preparedness; 3) incorporating climate preparedness into the Tribal Government operations and policies; and 4) collaborating with surrounding communities, the county, and other key stakeholders to monitor key changes to local and regional climate that are likely to affect the Tribe.
The Tribe has moved forward in each of these areas by presenting the results of the project to the Tribal Executive Committee, by holding meetings with representatives of the surrounding County to discuss coastal flood risk and land use, and by beginning to prioritize adaptation actions. The Jamestown S'Klallam Tribe's climate vulnerability assessment initiated the ongoing process of increasing climate resilience, adapting to a changing environment, and enhancing overall sustainability throughout the community.
